Objective: This study aimed to investigate the clinical significance of preoperative hyperbilirubinemia in Japanese patients and to assess its clinical potential as a predictor of the severity of acute appendicitis. Methods: We studied 318 patients with appendicitis who underwent appendectomy between July 2010 and June 2017. We analyzed preoperative data including age, sex, white blood cell count, C-reactive protein (CRP) level, fever, peritoneal irritation signs, and serum total bilirubin level as potential risk factors for complicated (perforated or gangrenous) appendicitis, using multivariate analysis. Results: Complicated appendicitis was significantly more frequent in patients with hyperbilirubinemia (>1.1 mg/dL), high CRP level (>0.5 mg/dL), positive peritoneal irritation signs, and fever (>37.3 C). Multivariate analysis revealed older age (>64 years), hyperbilirubinemia, high CRP level, and fever (odds ratios 3.36, 1.75, 7.61, and 2.43, respectively) as risk factors for complicated appendicitis. Multivariate analysis also identified hyperbilirubinemia, high CRP level, and fever (odds ratios 1.99, 5.90, and 2.72, respectively) as risk factors for complicated appendicitis among patients aged <65 years. Conclusions: Hyperbilirubinemia, high CRP level, and fever may be useful predictors of the severity of acute appendicitis, with hyperbilirubinemia being especially useful among patients aged <65 years.
Introduction
Acute appendicitis is one of the most common abdominal emergencies requiring emergency surgery, and appendectomy is the most frequently performed emergency operation worldwide. 1, 2 Various scoring systems, such as the Alvarado score, have been suggested for appendicitis, based on clinical features, physical examination, and laboratory data. 3 However, the classical symptoms and signs of appendicitis may sometimes be absent, making it difficult to reach a definite diagnosis. 4 Given that the delayed diagnosis and treatment of severe appendicitis is associated with increased risks of perforation and postoperative morbidity, mortality, and hospital stay, there is an urgent need for a predictor of the severity of acute appendicitis. 5 Hyperbilirubinemia not caused by liver dysfunction or biliary obstruction can be observed in cases of acute appendicitis. Although some studies have reported on the usefulness of hyperbilirubinemia for assessing acute appendicitis, 4, [6] [7] [8] [9] [10] its clinical value remains controversial. We therefore aimed to investigate the clinical significance of preoperative hyperbilirubinemia in Japanese patients and to assess its value hyperbilirubinemia as a predictor of the severity of acute appendicitis.
Patients and methods
In this retrospective cohort, single-institution study, we evaluated 318 patients with pathologically diagnosed appendicitis who underwent appendectomy at our institution between July 2010 and June 2017. Preoperative patient data included age, sex, white blood cell (WBC) count, C-reactive protein (CRP) level, fever, peritoneal irritation signs, and serum total bilirubin level.
The 318 patients were divided into two groups based on the pathological grade of acute appendicitis used in Japan:
11 complicated appendicitis (perforated or gangrenous appendicitis) and simple appendicitis (phlegmonous or catarrhal appendicitis). We compared preoperative clinical factors between these two groups and analyzed the risk factors for complicated appendicitis by multivariate analysis.
We set cut-off scores for WBC count, CRP level, fever, and total serum bilirubin level at 11,000/lL, 0.5 mg/dL, 37.3 C, and 1.1 mg/dL, respectively, based on previous reports. 3, 7, 8 
Statistical analysis
Statistical analysis was carried out using PASW Statistics for Windows, Version 18 (SPSS Inc., Chicago, IL, USA). Clinicopathological characteristics were compared between the two groups using v 2 or t-tests. Multivariate analysis was carried out by binomial logistic analyses, with adjustments for variables significant in univariate analysis. Statistical significance was defined as P < 0.05.
Ethical considerations
The study protocol was approved by the Institutional Review Board of the National Hospital Organization Fukuyama Medical Center (Hiroshima, Japan). All study procedures were performed in accordance with the guidelines of the Declaration of Helsinki, and all study subjects gave written informed consent to participate.
Results
The mean age of the patients was 45.0 (range, 14-94) years, and 136 of the patients were male. The mean WBC count was 12,015/lL (range, 1000-35,300/lL), mean CRP level was 5.92 (range, 0-39.2) mg/dL, and mean serum total bilirubin level was 1.1 (range, 0.3-4.5) mg/dL. Thirty-seven patients (11.6%) had perforated appendicitis, 97 (30.5%) had gangrenous, 148 (46.5%) had phlegmonous, and 36 (11.3%) had catarrhal appendicitis. Moreover, 179 patients (56.3%) had high WBC counts (>11,000/lL), 245 (77.0%) had high CRP levels (>0.5 mg/dL), 125 (39.3%) had hyperbilirubinemia (>1.1 mg/dL), 133 (41.8%) had fever (>37.3 C), and 194 (61.0%) had positive peritoneal irritation signs.
Complicated appendicitis was significantly more frequent in older patients (P ¼ 0.019), patients with hyperbilirubinemia (P ¼ 0.014), high CRP level (P < 0.001), positive peritoneal irritation signs (P ¼ 0.017), and fever (P < 0.001) ( Table 1 ). Multivariate analysis revealed older age (>64 years) (P < 0.001), high CRP level (P < 0.001), hyperbilirubinemia (P < 0.038), and fever (P ¼ 0.001) as risk factors for complicated appendicitis (Table 2) .
Among younger patients (age <65 years), complicated appendicitis was significantly more common in patients with hyperbilirubinemia (P ¼ 0.003), high CRP level (P < 0.001), positive peritoneal irritation signs (P ¼ 0.034), and fever (P < 0.001) ( Table 3 ). Multivariate analysis identified hyperbilirubinemia (P ¼ 0.017), high CRP level (P < 0.001), and fever (P ¼ 0.001) as risk factors for complicated appendicitis in these patients (Table 4) .
Discussion
Acute appendicitis is a common cause of abdominal pain in the emergency department, with a prevalence of 7-22 per 10,000 people. 12, 13 Although simple appendicitis (phlegmonous or catarrhal) can be treatment. 5, 6 However, the varied symptom patterns mean that it may be difficult to reach a definite diagnosis and, especially in asymptomatic cases, most physicians are required to carry out observation and re-evaluation, resulting in prolonged hospital stay and delayed definitive treatment, potentially leading to perforation. 9 Despite the increase in diagnostic modalities such as ultrasonography and computed tomography, the rates of appendicitis misdiagnosis (15%) and appendiceal rupture have remained constant. 14 The association between hyperbilirubinemia and appendicitis has been examined over the last decade. Hyperbilirubinemia occurs in systemic infections from various disease, including general peritonitis and sepsis, 15, 16 and several mechanisms leading to hyperbilirubinemia in systemic infection have been described. Several bacterial infections have been demonstrated to induce cholestasis, [16] [17] [18] and Escherichia coli and Bacteroides fragilis are most common primary causative organisms of appendicitis.
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E. coli endotoxins cause dose-dependent cholestasis, 19 and E. coli can also cause erythrocyte hemolysis, which increases the bilirubin load. 20 Furthermore, severe inflammation, as in complicated appendicitis, can cause edema of the intestine and intestinal hypomotility, which can also induce cholestasis in patients with complicated appendicitis. These mechanisms may thus lead to hyperbilirubinemia in cases of acute appendicitis.
Hyperbilirubinemia has previously been reported as a predictive factor of appendicitis. Svinc et al. 10 reported that hyperbilirubinemia (>1.0 mg/dL) and high neutrophil-to-lymphocyte ratio (>4.8) were significantly associated with perforated appendicitis among 3392 cases (odds ratios 2.6 and 2.6, respectively). Furthermore, Eren et al. 6 found that high CRP (>0.5 mg/dL) and hyperbilirubinemia (>1.2 mg/dL) were associated with gangrenous or perforated appendicitis in a study of 162 patients. In Japan, Nomura et al. 7 identified hyperbilirubinemia as a risk factor for gangrenous appendicitis among 410 patients (odds ratio 1.7919).
In the present study, multivariate analysis identified older age, high CRP level, hyperbilirubinemia, and fever as risk factors for complicated appendicitis overall, while hyperbilirubinemia, high CRP level, and fever were risk factors for complicated appendicitis in younger patients. Previous studies have not focused on younger patients; however, systemic functional reserve is more frequently lacking in older patients, potentially leading to many falsepositives, and hyperbilirubinemia may thus be a more useful indicator in younger compared with older patients.
Furthermore, it may be difficult to obtain a complete anamnesis in the emergency department, with a high possibility of passing over the patient's present history. Changes in serum bilirubin level cannot be known at the first visit; however, older people are more likely to have primary hyperbilirubinemia than younger people, also suggesting that hyperbilirubinemia may be a more useful indicator in younger patients.
Regarding high CRP levels, Eren et al. 6 reported that this was an important marker for predicting gangrenous or perforated appendicitis. Because complicated appendicitis is associated with more severe inflammation than simple appendicitis, high CRP levels may thus also be an important predictive factor for complicated appendicitis.
Nomura et al. 7 also identified older age as a predictor of gangrenous appendicitis. Patients become increasingly immunologically compromised with age, and inflammation thus tends to be more severe in older compared with younger patients. This may explain why older age was also a significant predictive factor for complicated appendicitis.
This study had several limitations. All the study patients underwent appendectomy and we did not investigate patients who received conservative treatment. Furthermore, it was a retrospective, singleinstitution study with a small sample size.
In conclusion, hyperbilirubinemia, high CRP level, and fever may be useful predictors of the severity of acute appendicitis, with hyperbilirubinemia being more useful among patients aged <65 years compared with older patients.
